Infectious disease earlier in life had a scarring e ect on older age mortality among those reaching middle age around 1900, with the strongest negative e ect on survival of having grown up in a large city. The e ect of reduced early life and young adult infectious disease rates accounts for 13% of the 21 percentage point increase in survival rates among 50 -64 year old males in the 20th century. Reductions in mortality from infectious and other acute disease account for another 13% of the increase.
Introduction
At the beginning of the 20th century American men's life expectancy at age 55 was 17 years and at age 65 it was 11 years. By the century's end life expectancy at ages 55 and 65 had risen to 23 and 16 years, respectively. This increase in life expectancy was extremely slow at ÿrst, rising by only about half a year during the ÿrst three decades of the 20th century. More recently, it has been more rapid. Between 1930 and 1960 life expectancy at these ages rose by a year and in the last four decades of the century rose by 4 years at age 55 and by 3 years at age 65. 1 Several factors may explain increases in life expectancy at older ages. Advances in medical care have reduced the deadliness of chronic conditions (Cutler et al., 1998; Velkova et al., 1997) . Life style changes such as the cessation of smoking or the switch to a low fat and lower sodium diet may account for some of the recent mortality improvements; however, the increase in smoking from the late 1900s through the ÿrst half of the 20th century probably contributed to increased mortality rates. Occupational exposure to harmful dust and fumes has declined. Infectious disease rates have fallen. Those reaching middle age today are rarely exposed to infectious disease as children or young adults. There is extensive evidence that mid-life, young adult, and early childhood events matter to older age health and longevity (Doblhammer and Vaupel, 2001; Gavrilov and Gavrilov, 1999; Manton et al., 1997; Costa, 2000; Elo and Preston, 1992; Barker, 1992 Barker, , 1994 . But, there is also evidence that earlier life events have relatively little impact on older age mortality (Christensen et al., 1995; Kannisto et al., 1997; Kannisto, 1994) . Selection may lead to only the healthiest surviving and mortality at older ages may therefore be lower than in a population not exposed to stress at young ages. Furthermore, current life events may be more important determinants of mortality than past life events. This paper examines a past population, veterans of the Union Army, to establish the role of infectious disease at early, young adult ages, and later ages and of occupation at young and mid-life ages on older age mortality. It also decomposes the 20th century increase in older age survival rates into the portions due to reduced infectious disease rates and to occupational shifts from manual to white collar jobs and into the fractions attributable to early and young adult infectious disease rates and to the immediate e ects of older age mortality reductions from infectious disease. The Union Army population was exposed to a wide variety of infectious diseases while in the army, faced very di erent disease experiences at young ages that depended upon the size of city of origin, faced high occupational risks, and had medical care that was ine ective at best. I can therefore examine the effect of untreated infectious disease on later mortality. Causes of death among Union Army veterans di er from those of modern populations because of the high death rates from infectious, diarrheal, and respiratory diseases that prevailed in the past. The ÿndings therefore have implications for modeling the determinants of mortality in past populations. They also have implications for modern populations as well, because I can examine the determinants of waiting time until death from a speciÿc cause.
The ÿndings have implications for theories of aging. If variables related to infection are shown to have a large e ect on later mortality, then the results suggest that senescent processes may be plastic and highly controllable. The ÿndings therefore have implications for understanding future mortality trends, for assessing the age at which public health policies in countries undergoing an epidemiological transition should be targeted, and for evaluating the standard of living in the United States during industrialization. If infectious disease has a long reach, then the urbanization that accompanied industrialization may have been much more costly than suggested by comparisons of urban and rural mortality rates (Williamson, 1990; Steckel and Floud, 1997) .
Empirical framework
The paper models Union Army veterans' waiting time until death from all causes or from a speciÿc cause by means of a Cox proportional hazard model. The hazard, (t), or the rate at which spells are completed after duration t given that they last until at least t, is (t) = exp(x ÿ) 0 (t);
(1)
where 0 is the baseline hazard and exp(x ÿ) is the relative hazard. The vector x consists of ÿve basic types of variables: (1) direct indicators of episodes of infectious disease while in the army (x I ); (2) indicators of size of city of residence at enlistment in 1861-1864, a proxy for the severity of the disease environment during growing ages because most men who enlisted in a given size city grew up in that city size (x Cy ); (3) indicators of size of city of residence at older ages in 1900, a proxy for exposure to infectious disease at older ages (x Co ); (4) indicators of occupation at enlistment and at older ages (x O ); and, (5) miscellaneous other control variables (x M ). Artisans, laborers, and farmers were more likely to su er from respiratory symptoms than professionals or proprietors because of their greater exposure to harmful dust, fumes, and gases (Costa, 2000) . Antebellum cities of over 50,000 were particularly deadly. In addition to greater exposure to infectious disease, residents of larger cities may have had poorer housing and nutritional intakes, thus increasing their susceptibility to the severe disease environment. Although by 1900 the largest cities were less deadly than mid-size cities because of their earlier initiation of such sanitary reforms as water ÿltration (Preston and Haines, 1991, p. 98) , exposure to air-borne disease is likely to be greater in larger cities because of crowding. By 1995 -1997 age-adjusted death rates were greater on average in rural than in urban areas, but this relationship varied by race, sex, and region (United States National Center for Health Statistics, 2000) . The paper uses a competing risks framework, treating individuals who die from a cause of death other than that being examined as censored, and estimates the impact of infectious disease and occupation on waiting time until death from a speciÿc cause. It examines all natural cause mortality, mortality from chronic disease, mortality from acute diseases, all heart disease, ischemic heart disease, myocarditis, respiratory illness, infectious illness, and stomach ailments.
The paper determines whether there is a scarring e ect of earlier infectious disease and how much of the di erence in survival probabilities between Union Army veterans and a modern population is accounted for by reductions in infectious disease rates and how much by occupational shifts. It also calculates the portion of the di erence attributable to immediate reductions in infectious disease rates and their mortality sequelae and the portion attributable to early life infectious disease rates. It begins by estimating hazard models for all cause mortality, A, for mortality from chronic conditions (all deaths other than infectious, respiratory, or diarrheal diseases), H , for mortality from infectious and parasitic disease, F, and for mortality from speciÿc causes (all heart, ischemic, myocardities, respiratory illness, infectious, stomach), P. The survivor functions, or the probabilities of not dying from cause J at least until t if other causes of death are precluded, S J (t), J = A; H; F; P, are
where S J; 0 (t) is the baseline survivor function. Assuming no infectious disease in the army (x I =0) and no exposure to infectious disease at young and older ages (no elevated mortality risk in large cities, x Cy = 0 and x Co = 0), the survival functions become
Assuming elimination of infectious disease in the army and of exposure to disease at young ages only (no elevated mortality risk in large cities of enlistment, x I = 0 and x Cy = 0), the survival functions are
Finally, if the occupational distribution had been the same as that prevailing today (x O = x TO ), the survivor functions become
The survivor function will underestimate the e ect of reduced job hazards on older age mortality because reduced hazard within occupation is not measured. The paper presents two di erent calculations decomposing the increase in survival rates into the portion due to reduced infectious disease rates and the portion due to occupational shifts. The paper ÿrst uses the all cause mortality equation to estimate the increase in survivor probabilities assuming no infectious disease (x I = 0, x Cy = 0, and x Co = 0) and assuming today's occupational distribution (x O = x TO ),
Secondly, the paper estimates the increase in survivor probabilities for both the chronic and acute disease speciÿcations assuming no infectious disease at young ages (x I = 0 and x Cy = 0) and today's occupational distribution. The paper also estimates the e ect of immediate reductions in infectious disease rates and in acute disease mortality, that is eliminating infectious, respiratory, and parasitic disease as a cause of death, as
multiplied by the probability of dying from an acute disease. The additional gain from eliminating infectious disease at young ages is
Because many individuals in the sample undoubtedly su ered from infectious disease either before or after their army experience (though perhaps less severe forms of these infections) and because individuals in small cities were exposed to infectious disease as well, this estimate will understate the gain from eliminating early life and young adult infectious disease among Union Army veterans. Dividing this estimate by the observed di erence in survivorship rates between Union Army veterans and a modern population yields a rough estimate of the gain in survivorship rates due to reductions in infectious disease rates. Unobserved disease episodes among Union Army veterans will lead me to underestimate this gain whereas unobserved disease episodes among men in modern populations and unobserved changes in the scarring e ects of infectious disease will lead me to overestimate this gain. Decomposing the increase in survivor rates into the portion due to eliminating early life and young adult infectious disease assumes that there is a gain at older ages to eliminating infectious disease at younger ages. But, cohorts who survive infectious diseases may acquire partial or complete immunity from such diseases as measles, typhoid, and malaria and therefore may have lower mortality rates. If genetic susceptibility to death from infectious disease or other insults at young ages is positively correlated with genetic susceptibility to develop chronic disease at older ages, then, because fewer genetically "frail" individuals survive to old age, the mortality rate of such a cohort may be lower relative to a cohort in which more genetically frail individuals survive. Stress in early life may, however, lead not to selection of the ÿttest but to permanent scarring.
The medical literature provides many examples of the scarring e ects of infectious disease.
2 Infectious diseases that can a ect cardiac functioning include rheumatic heart disease, late stage syphilis, measles, and typhoid fever. Infections that have been implicated in atherosclerosis include helicobacter pylori, a bacterium that causes gastritis and stomach ulcers, and chlamdyia pneumonia, a bacterium that causes acute upper and lower respiratory infections. Individuals at risk of later susceptibility both to pneumonia and to chronic obstructive lung disease, include those who have had prior upper respiratory infections (including those accompanying falciparum malaria) and on the job exposure to dust and fumes. Correlates of later gastritis and ulcers include infection with helicobacter pylori and having been a prisoner of war, perhaps because many su ered gastrointestinal problems during their imprisonment.
Data
The data used in this paper are drawn from a unique longitudinal dataset based upon the records of the Union Army pension program.
3 This pension program was the most widespread form of assistance to the elderly prior to Social Security, covering 85% of all Union Army veterans by 1900 and 90% by 1910 (Costa, 1998, p. 160) . The program began in 1862 to provide pensions to both regular and volunteer recruits who were severely disabled as a direct result of military service (see Costa, 1998, p. 197-212) for a history of the Union Army pension program). It became a universal disability and old-age pension program for veterans in 1890, with any disability entitling the veteran to a pension. Even though old age was not recognized by statute law as su cient cause to quality for a pension until 1907, the Pension Bureau granted the minimum pension to those of age 65 unless they were "unusually vigorous." The records contain complete medical examinations conducted by a board of three examining surgeons. The surgeons rated the severity of speciÿc conditions using detailed guidelines provided by the Pension Bureau. Several tests indicate that the population is representative of the general population circa 1900 in terms of mortality experience (Costa, 1998, p. 197-212) , suggesting that veterans' older age mortality was determined more by environmental factors common to the population as a whole than by wartime experience.
Copious records were generated by the Union Army pension program. Pension applications included detailed medical examinations both for men whose pension application or bid for a pension increase was rejected and for men whose applications were accepted. These records have been linked to the 1900 census and to military service records. The 1900 census provides occupational and residential information and the military service records information on stress at young adult ages such as prisoner of war status and such illnesses as measles, diarrhea, tuberculosis, typhoid, rheumatism, acute respiratory infections (e.g. pneumonia, bronchitis, in uenza), malaria, and war injuries.
The sample is restricted to native-born men linked to the 1900 census, aged 50 -64 in 1900, and on the pension rolls by 1900. A surgeon's exam detailing medical conditions is available for 93% of men. The sample is restricted to the 48% of men whose pension records provide information on cause of death. For the most part, these were men with a surviving spouse and men who lived longer. Health conditions in 1900 as noted by the examining surgeons do not predict whether information on cause of death is missing. If men in my sample are on the whole healthier, I am likely to underestimate the impact of infectious disease and occupation on mortality. However, including men with unknown causes of death in the sample and treating them as censored yields similar results. Total sample size for men with known cause of death is 2,907. In the analysis all deaths beyond a 25 year observation period are censored. Shorter follow-up periods yield similar results but do not provide enough observations for some causes of death such as myocarditis. Beyond this 25 year observation period variables cease to have predictive power. Those who survived beyond 25 years were on average older than 83, suggesting that in this sample living to oldest-old ages is not predictable.
Causes of death were coded as heart disease, respiratory illness (chronic respiratory and pneumonia, in uenza, and bronchitis), stomach ailments (gastritis/duodenitis and ulcers), infectious (including tuberculosis but excluding pneumonia, in uenza, and bronchitis), cancer, diarrheal, and genito-urinary. Heart disease was subdivided into cerebrovascular, valvular, ischemic (atherosclerosis, arteriosclerosis, coronary occlusion, and coronary thrombosis), and myocarditis.
4 Acute disease includes all infectious, respiratory, and diarrheal disease. Men with vague and unclassiÿable causes of death UA = Union Army sample, NHANES = National Health and Nutrition Examination Survey. Both samples exclude the foreign-born. The UA sample is restricted to men linked to the 1900 census. Causes of death in the UA sample are for 2,709 observations. NHANES contains 1,101 observations. The follow-up survey used was National Health and Nutrition Examination Survey: Epidemiological Follow-Up Study, 1992 (ICPSR 6861). Because the number of deaths in the NHANES sample is relatively small, there were no deaths for some causes. Other and unclassiÿable in the UA sample includes such conditions as diabetes, paralysis, etc.
tended to be those without a surviving spouse. Conditions noted by the examining surgeons in 1900 predicted mortality by cause: valvular heart disease in 1900 predicted death from valvular heart disease but not from ischemic heart disease; stroke, angina, and varicose veins predicted cerebrovascular deaths; stroke predicted death from ischemic heart disease; irregular pulse predicted death from myocarditis; bronchitis and emphysema predicted death from respiratory causes; gastritis weakly predicted death from stomach ailments; and, prostate problems predicted death from genito-urinary causes. A tumor in 1900 was not a good predictor of death from cancer, perhaps because the examining surgeons could only diagnose the tumors that they could visually observe. Table 1 shows major causes of death among Union Army veterans over a 25 year period and, over a 17 year period, among Union Army veterans and white men in the ÿrst National Health and Nutrition Examination Survey, a random sample of the population. This table shows that heart disease is now largely ischemic, whereas in the past, because valvular heart disease in 1900 was a strong predictor of death from unidentiÿable heart disease, up to 21% of all deaths may have been from valvular heart. Table 1 also illustrates the high levels of infectious, respiratory, and diarrheal disease in the past relative to today. This suggests that it may be di cult to detect the e ects of early life and young adult events on all cause mortality because such current events as recent exposure to infectious and parasitic disease may be more important.
Results
Recall that I model the relationship between such early life and young adult events as infectious disease while in the army and cause speciÿc morbidity at mid and late ages by means of a competing risks proportional hazards model,
where 0 is the baseline hazard and where the estimated exponentiated coe cients have the interpretation of hazard ratios for a one unit change in x. Deaths from causes other than those examined are treated as censored. The vector x M consists of age in 1900 and dummy variables indicating whether the veteran was ever wounded in the war or was ever a prisoner of war. The vector x Cy consists of dummy variables for size of city at enlistment (over 50,000, between 25,000 and 50,000, 2,500 -25,000, less than 2,500) and the vector x Co consists of dummy variables for size of city of residence in 1900 (one of the top 10 largest cities in the country, one of next 11-36th largest cities, and a smaller city or not a city). Because city of birth is known for only a fraction of the sample, I use size of enlistment city as a proxy. Among those recruits with both pieces of information, 71% of those enlisting in a city of more than 50,000 in 1860 were born in the same-sized 1860 city and 77% of those enlisting in a city of less than 2,500 were born in the same-sized 1860 city. The vector x O consists of dummy variables indicating occupation at enlistment (professional or proprietor, farmer, artisan, laborer, or unknown) and occupation circa 1900 (professional or proprietor, farmer, artisan, or laborer). Those out of the labor force in 1900 are assigned their pre-retirement occupation as recorded in the pension records. Finally, the vector x I consists of dummy variables specifying whether the veteran while in the army ever was hospitalized for or was absent because of diarrhea or cholera, respiratory infections (bronchitis, pneumonia, and in uenza), measles, typhoid, malaria, tuberculosis, rheumatic fever or rheumatic athropathies, such stomach ailments as gastritis and ulcers, and syphilis. Fifty percent of the sample had no recorded cases of these illnesses. The mean number of di erent types of illnesses was 0.75 and the maximum was 5. While there are many cases of a statistically signiÿcant positive association between illnesses controlling for enlistment characteristics, there are no signiÿcant negative associations. Table 2 presents the results for all cause mortality and for mortality from all chronic disease and from all acute (or, more precisely, infectious, respiratory, and parasitic) disease. Tables 3 and 4 present the results for mortality from respiratory illnesses, Note: 2,709 observations. The symbols †, and ‡ indicate that the coe cient is signiÿcantly di erent from 1 at the 5% and 1% level, respectively. The log-likelihood ratio test is for equality of all coe cients to 1. The sample consists of Union Army veterans on the pension rolls by 1900, age 50 -64 in 1900, linked to the 1900 census, and with cause of death information. The follow-up period is 25 years. Deaths during the 1918 in uenza pandemic were excluded. Excluding these deaths did not materially change the results. Deaths from violence and accidents were treated as censored. The category chronic excludes all respiratory deaths, tuberculosis, diarrheal, and other parasitic and infectious diseases. These excluded deaths are in the category infectious, respiratory, and parasitic. The proportional hazards assumption is tested by testing for a non-zero slope in the generalized linear regression of the scaled Schoenfeld residuals on a function of time. Note: 2,907 observations. The symbols † and ‡ indicate that the coe cient is signiÿcantly di erent from 1 at the 5% and 1% level, respectively. The log-likelihood ratio test is for equality of all coe cients to 1. The sample consists of Union Army veterans on the pension rolls by 1900, age 50 -64 in 1900, linked to the 1900 census, and with cause of death information. The follow-up period is 25 years. Deaths during the 1918 in uenza pandemic were excluded. Excluding these deaths did not materially change the results. Deaths from violence and accidents were treated as censored. The category respiratory includes chronic respiratory conditions, pneumonia, in uenza, and acute bronchitis. The category stomach includes gastritis/duondentis and ulcers. The category infectious includes tuberculosis. The proportional hazards assumption is tested by testing for a non-zero slope in the generalized linear regression of the scaled Schoenfeld residuals on a function of time. Note: 2,709 observations. The symbols † and ‡ indicate that the coe cient is signiÿcantly di erent from 1 at the 5% and 1% level, respectively. The log-likelihood ratio test is for equality of all coe cients to 1. The sample consists of Union Army veterans on the pension rolls by 1900, age 50 -64 in 1900, and with cause of death information. The follow-up period is 25 years. Deaths during the 1918 in uenza pandemic were excluded. Excluding these deaths did not materially change the results. Deaths from violence and accidents were treated as censored. The category all heart excludes cerebrovascular. The proportional hazards assumption is tested by testing for a non-zero slope in the generalized linear regression of the scaled Schoenfeld residuals on a function of time. stomach ailments, infectious disease, all heart ailments except cerebrovascular, ischemic heart disease, and myocarditis. Examining whether speciÿc infectious diseases have an e ect on mortality by cause may reveal scarring e ects not observed in the all cause regressions. Except for deaths from infectious disease in Table 4 , I cannot reject the hypothesis that all coe cients in the regressions are jointly statistically signiÿcantly di erent from 1. Using the scaled Schoenfeld residuals and Grambsch and Therneau's (1994) global test, I also cannot reject the hypothesis that the proportional hazards assumption is met. These tables do not present results for deaths from cerebrovascular, valvular heart disease, cancer, and genito-urinary causes. None of the explanatory variables were signiÿcant predictors of death from stroke, suggesting that an unobservable such as salt intake may be the culprit. Laborers were at greater risk relative to professionals and proprietors of dying from valvular heart disease, but none of the wartime disease variables were predictors. Hepatitis infection during the war was the only signiÿcant predictor of cancer deaths, perhaps because deaths from stomach cancer were a signiÿcant proportion of all recognized cancer deaths. Only a large city of enlistment predicted deaths from genito-urinary causes. None of the variables predicted violent or accidental deaths.
Tables 2-4 illustrate the importance of distinguishing mortality by cause of death, particularly in investigating the impact of infectious disease while in the army. Stomach ailments while in the army signiÿcantly predicted mortality from all causes, all chronic disease, all heart disease other than cerebrovascular, and ischemic heart disease. Stomach ailments also signiÿcantly predicted mortality stomach causes at the 5% level of signiÿcance when other infectious wartime disease covariates were excluded. Diarrhea was a signiÿcant predictor of mortality from stomach ailments. It was also the only illness that signiÿcantly provided protection against mortality, in this case from respiratory illness, though the possible pathway is not clear.
5 Respiratory infection signiÿcantly predicted mortality from respiratory illnesses and predicted death from acute illnesses at the 5% level when other wartime disease covariates were excluded. Malaria was a signiÿcant predictor of mortality from respiratory illnesses at the 5% level when other wartime disease covariates were excluded. Rheumatic fever signiÿcantly predicted mortality from all heart disease other than cerebrovascular at the 10% level of signiÿcance and from myocarditis at the 5% level. Syphilis was a signiÿcant predictor of death from all heart disease and from myocarditis. Measles was a signiÿcant predictor of death from myocarditis. Syphilis was a signiÿcant predictor of death from infectious disease at the 5% level of signiÿcance when other wartime disease covariates were excluded. Typhoid was not a signiÿcant predictor of death from any cause. Neither was tuberculosis, but the size of the coe cient in the regressions of death from acute disease and from infectious disease was substantial. Interactions between wartime illnesses had no predictive power.
Infectious diseases that were signiÿcant predictors of cause-speciÿc mortality also signiÿcantly predicted the probability of having a related disease state in 1900 and in 1910 (see Costa, 2000) . Malaria and respiratory infections while in the army signiÿcantly predicted respiratory problems at older ages. Diarrhea had a protective e ect for "dullness of chest". Rheumatic fever signiÿcantly predicted tachycardia, irregular pulse, congestive heart failure, murmurs, and arteriosclerosis. Syphilis was associated with arteriosclerosis and tachycardia. Stomach ailments signiÿcantly predicted tachycardia. Not all predictors of disease states in 1900 or in 1910 were predictors of death from related causes. Whereas measles was a signiÿcant predictor of respiratory distress later in life and typhoid of irregular pulse and valvular heart disease, neither measles nor typhoid predicted death from related causes. Tables 2-4 show that having probably grown up in a large city had a lasting e ect on mortality even controlling for later residence. Men who enlisted in a city of 50,000 or more faced a signiÿcantly greater risk of death from all cause mortality, from all chronic disease, from all respiratory, infectious, and parasitic disease, from respiratory illness, from stomach ailments, from all heart disease except for cerebrovascular, and from ischemic heart disease. They also faced a greater risk of mortality from infectious disease, though not signiÿcantly so. All of the city of enlistment dummies were jointly signiÿcantly di erent from 1 at the 1% level in the all cause and all chronic regressions and at the 5% level in the respiratory regressions. I cannot ascertain whether men who enlisted in a larger city faced a greater risk of death from myocarditis because of collinearities between large city of enlistment and large city of residence in 1900. Large city of residence in 1900 was a signiÿcant predictor of death from myocarditis, from respiratory disease, and from all respiratory, infectious, and parasitic diseases. The other measure of environmental stress with signiÿcant predictive power was prisoner of war status. Former prisoners of war faced substantially greater risk of death from stomach ailments, though not from other causes.
Men who worked as laborers and artisans faced an elevated risk of death relative to professionals and proprietors and to farmers. Laborers were signiÿcantly more likely than professionals and proprietors to die of stomach ailments, all heart disease, and myocarditis. Artisans were signiÿcantly more likely to die of all heart disease relative to professionals and proprietors. Farmers were signiÿcantly less likely than professionals and proprietors to die of ischemic heart disease and of all chronic disease. Both artisans and laborers were more likely to die of respiratory disease (and from all acute illnesses), though not signiÿcantly so. The dummy variables indicating occupation circa 1900 were jointly signiÿcantly di erent from 1 at the 1% level in the all cause, all chronic, all heart, and myocarditis regressions.
On the whole occupational shifts have a smaller impact on the predicted 25 year survival probability, S(25), than reductions in infectious disease rates. Table 5 illustrates the e ect on the predicted survival probability of setting all diseases while in the army equal to zero, setting all large city dummies equal to zero (arguably reducing infectious disease rates), and setting the occupational distribution in 1900 to that prevailing in 1970 and the occupational distribution at enlistment to that prevailing in 1920. Except for death from respiratory and infectious disease, occupational shifts have a smaller 6 Large city of residence in 1900 does not become a signiÿcant predictor of death from other causes when size of city of enlistment is omitted nor is the interaction between large city of enlistment and large city in 1900 a signiÿcant of death from respiratory heart disease. Note: Column A gives the predicted survival probability assuming actual wartime infectious disease, residence city, and occupational class characteristics. Column B gives the predicted survival probability setting all diseases while in the army equal to zero. Column C gives the predicted survival probability setting all diseases while in the army equal to zero and setting all large city dummies equal to zero. Column D gives the predicted survival probability setting the occupational distribution in 1900 to that prevailing in 1970 and the occupational distribution at enlistment to that prevailing in 1920. Standard errors in parentheses. Survival probabilities are probabilities of survival until death from a speciÿc cause. Deaths from other causes are censored. All survival probabilities are predicted setting whether a veteran was ever wounded in the war or was ever a prisoner of war equal to 0. Age is set equal to 60. impact on the relative survival probability even though the impact of infectious disease on the survival probability is 1 likely to be understated because of unobserved disease episodes.
I also ran speciÿcations that included Body Mass Index (BMI) circa 1900, a measure of current net nutritional status, and adult height measured at enlistment, a measure of net nutritional status during the growing years. BMI was strong predictor of all cause mortality, all infectious, respiratory, and parasitic mortality, mortality from infectious disease, and mortality from respiratory disease. However, BMI may well re ect an underlying condition such as tuberculosis and is strongly correlated with the prevalence of chronic respiratory problems circa 1900. Height did not predict older age mortality, in contrast to ÿndings obtained in Costa (1993) . Sample size may be an issue. Using a sample of 309,554 men from modern Norway, Costa (1993) found that in contrast to results from the full sample in random subsamples of 10,000 the relationship between height and mortality became very sensitive to sample restrictions and a smooth curve did not always result. UA = Union Army, NHANES = National Health and Examination Survey. Column A gives the percentage point increase in survival rates in the Union Army sample setting di erent combination of wartime infectious disease equal to zero, city size dummies equal to zero, and occupational classes at enlistment and at older ages equal to the 1920 and 1970 distributions, respectively. In calculation (1) the increase in the UA survival rate was predicted based upon the all cause mortality regression in Table 2 . In calculation (2) this increase was predicted based upon the chronic and acute disease regressions in Table 2 . Calculation (2) contains four steps. The ÿrst step examines the impact on changes in both chronic and acute disease mortality of setting wartime infectious disease equal to zero and large city dummies equal to zero and of occupational shifts. The second step examines the impact of eliminating acute disease as a cause of death. The third step examines the e ect of setting wartime infectious disease equal to zero and large cities dummies equal to zero if all deaths are from chronic disease. The fourth step calculates the total percentage point increase in survival rates attributable to eliminating infectious disease. Column B gives the percentage of the sample at risk. This percentage varies depending upon cause of death. Column C gives the percentage of the di erence in survival rates between the Union Army sample and NHANES accounted for by Column A.
Explaining rising survivorship
What is the role of reduced infectious disease rates and of occupational shifts from manual to white collar work in explaining the long-run increase in survivorship at older ages? The Union Army data can provide valuable clues on the scarring e ects of infectious disease because it is possible to observe the long-run e ects of growing up in a large city and of infectious disease at young adult ages. The di erence in 17 year survival rates between Union Army veterans and white men in NHANES was 21 percentage points. Table 6 presents two di erent calculations. The ÿrst calculation uses the all cause mortality regression in Table 2 and sets the wartime disease dummies to 0 and all city size variables to small, yielding an increase in the predicted survival rate (S A (17)) in the Union Army sample of 3 percentage points and therefore explaining 16% of the di erence in survival rates between the Union Army sample and NHANES. A similar calculation setting the occupational distribution in 1900 to that prevailing in 1970 and the occupational distribution at enlistment to that prevailing in 1920 implies that occupational shifts explain none of the di erence in survival rates between the Union Army sample and NHANES because farmers faced favorable survival rates and their numbers declined. The second calculation uses the regressions for chronic and acute disease mortality in Table 2 to obtain the probability of not dying from chronic disease, S H (17) and the probability of not dying from infectious, respiratory, and parasitic causes, S F (17). Eliminating infectious disease early in life and at adult ages (as proxied by wartime disease dummies and by city size at enlistment) would raise each survival rate by 3 percentage points. Occupational shifts play a negligible role. Eliminating infectious, respiratory, and parasitic diseases as a cause of death would raise survival rates by 15% and, because 18% of men died of these causes, would therefore explain 13% of the increase in survival rates between the Union Army sample and NHANES.
7 Eliminating early life infectious disease leads to a further 3 percentage point increase in survival rates and explains 12% of the increase in survival rates. The total reduction due to the elimination of infectious, respiratory, and parasitic disease is 5 percentage points or 26% of the di erence in survival rates between the Union Army sample and NHANES. The remaining 74% of the decline may be explained by such unobservables as the reduced use of salt and smoke as preservatives with the rise of refrigeration, improved dietary and health habits, and the increased e cacy of medical care.
Implications
This paper has shown that early life events can lead to permanent scarring. Episodes of infectious disease while in the army and growing up in a large city, a proxy for exposure to infectious disease, had a negative impact on the 25 year survival rate of Union Army veterans aged 50 -64 in 1900. The e ect of speciÿc diseases depended upon the cause of death that was being investigated, implying that studies of past populations need to examine mortality by cause because of the high prevalence of respiratory, infectious, and diarrheal deaths in past populations. Predictors of death from various types of heart disease among Union Army veterans included stomach ailments, rheumatic fever, syphilis, and measles while in the army. Of particular note was the relationship between stomach ailments and death from ishemic heart disease, suggesting that such infections as helicobacter pylori may have played a role. Predictors of waiting time until death from respiratory disease included prior respiratory infections and malaria, which is frequently accompanied by respiratory infections in non-immune individuals. Predictors of waiting time until death from stomach ailments were prior stomach ailments and diarrhea. Tuberculosis while in the army predicted death from infectious disease at older ages, suggesting that the nodular scars left by tuberculosis in the apices of one or both lungs could be the seeds for later active tuberculosis many years later.
The results suggest that the costs of the urbanization that accompanied industrialization prior to the widespread acceptance of the germ theory of disease and the accompanying institution of sanitary reforms were high. Men who probably grew up in a large city faced much higher mortality rates at older ages from all causes and from both chronic and acute disease controlling for size of city of residence at older ages. Men who lived in a large city in 1900 faced a higher mortality rate from all acute (infectious, respiratory, and parasitic) causes of death.
Reduced infectious disease rates and reduced mortality from acute disease explained up to 26% of the increase in 17 year survival rates between the Union Army sample and men ÿrst observed in the National Health and Nutrition Examination Survey in 1971 Survey in -1975 . Period e ects accounted for up to 13% of the increase in 17 year survival rates and probably depended upon public health reforms, the increased e cacy of medical care, particularly antibiotics, and improved overall health making infectious disease less deadly. Early life and young adult events also explained 13% of the rise in survival rates-an underestimate because of unobserved infections early in life. Occupational shifts from manual to white collar jobs were relatively unimportant in accounting for any of the increase in survival rates. Occupational shifts were far more important in explaining declines in disability because of their role in such debilitating chronic conditions as back problems and arthritis (Costa, 2000) .
The ÿndings imply that our analyses of the costs and beneÿts of public health programs, particularly in developing countries, should account not only for the period e ect of reduced infectious disease rates, but also for lifetime cohort e ects. They also imply that our forecasts of future trends in mortality rates need to account for reductions in infectious disease rates. In the United States those who reached age 55 in 1960 were born when 14% of children died before age 1 and those who reached that age in 1995 when almost 6% of children died before age 1. Those cohorts who will reach age 55 in 2025 were born when only 2% of children died before age 1. Although the United States has already seen most of the beneÿts of reductions in infectious disease rates, many developing countries are still undergoing an epidemiological transition and these countries may have much larger elderly populations than expected.
